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Chronic kidney disease (CKD)

Do we frequently see abnormal thyroid function test results in CKD?
YES!

How sure are we when we interprete thyroid function tests in CKD?

®.

Should we alter the threshold for treatment in case of abnormal thyroid function
tests in CKD?

@,
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Interaction:
Direct effects?
Indirect effects?
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Hypothyroidism was defined as a TSH level
=45 mIU/L [9] or treatment with thyroid hormone

Lo et al, Kidney Int., 2005
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Thyroid hormones - Normal kidney

Kidney disease (CKD) = Thyroid hormones

Combined Thyroid & Kidney (CKD) disease
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Iglesias & Diez, , EJE, 2009

Thyroid harmones
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Renal physiology

Indirect effects (pre-renal)
Direct effects (renal)
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Indirect
cardiovascular
effect of TH
(pre-renal)

Direct effect of TH -
(renal)

Hyperthyroidism
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Basu & Mohapatria, Ijem, 2012




Effects on kidney are reversible
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Effects on kidney are related to TH, not to TSH
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[ Effect on muscle metabolism

CK (IU/1)

Dlﬂﬂtiﬂjﬂﬂjﬂﬂllﬂﬂ 120
TSH (uU/ml)
Hypothyroidism may 1 serum creatinine due to changes in muscle metabolism
Independent of its effects on GFR.
Contribution of ‘muscle’ derived creatinine is usually low

—> serum creatinine (creatinine-based eGFR) can be used as marker for kidney
function

Beyer et al., Thyroid, 1998



Hypothyroidism: Hyperthyroidism:

Tcreatinine | creatinine

Jwater load excretion T water load excretion
Jsodium reabsorption /

| protein loss 1 protein loss

Effects on kidney are reversible.
Effects on kidney are related to change in TH (not TSH).

In case of unexplained 1 creatinine or T CPK or | sodium :
screen for hypothyroidism!
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Kidney disease (CKD) = Thyroid hormones

Thyroid hormones - normal kidney

Combined Thyroid & Kidney (CKD) disease
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CKD: expected effects on thyroid hormone profile

e ‘Chronic’ ‘Disease’:
malnutrition, inflammation, uremia, metabolic acidosis,...
—> non-thyroidal illness (NTI)

« ‘Kidney’ ‘disease’:
- decreased renal clearance of TRH, TSH, iodine

—> protein loss: loss of circulating protein-bound thyroid hormone (TBG, pre-
albumin, albumin)

« Effect of CKD medication:
heparine, furosemide, glucocorticoids, ...

« Effect on T4 and T3 immuno-assays: protein-dependence, influence of
medication, uremia, ...
—> may Inaccurately estimate ‘free’ T4 and T3



4 CKD

affects on thyroid
homeostasis at

multiple levels

Basu & Mohapatria, Ijem, 2012

Hypothalamus - Pituitary

* 1TTSH

« Abnormal TSH glycosylation

« Abnormal TSH circadianrhythm
J TSH release response to TRH

Thyroid

«  “PThyroidsize, goitre, nodules
« U T4response to TSH

+ Jtotaland/orfree T4

Circulation

* T serumiodine

+ Alterationin thyroid hormone
binding proteins

« JUproteinbinding

« J totaland/orfree T4, T3

«  PrT3(free fraction)

Tissue

« Jl T4 conversionto T3
« Jtotaland/orfree T3
*  PrT3(free fraction)

Renal

*+ Altered TRH, TSH clearance
+ Jl lodine excretion

*  “Tbindingproteinloss
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I CKD: a-typical form of NTI l

T3: | total and |free
No 1 total rT3
1+ TSH

OVERT HYPO T

TSH? Cut-off? TSH? Cut-off?



[Low free T3 predicts a higher risk of CV and overall mortality in CKD (hemodialysis)]

All-cause mortality

1.0
Log-rank test 25.3, P<0.001
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Clinical importance of low T3 in CKD: controversial

Association of T3 (total > free) with
- Iinflammation, malnutrition, endothelial dysfunction
- cardiac function, mortality (all cause and CV)
# causality!

? Low T3 = beneficial: physiological adaptation of the body to CKD to
reduce protein turnover and nitrogenous waste load?

? Low T3 = harmful: modifiable risk factor in CKD?
? Low T3 = epiphenomenon: signature, marker in CKD?

Need for RCTs to study the effect of T4 (and/or T3) supplementation in
CKD on hard (clinical) endpoints
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CKD patient:
high CV risk



‘ Hyperthyroidism & CKD I

Prevalence: no evidence for difference in CKD vs global population

Acceleration

of
CEI!

Mohamedali et al., Int ] Nephrol, 2014



Association mild hyperthyroidism & CV risk

Euthyroidism Subclinical Hyperthyroidism
Events, Participants,  Events, Participants,
Source No. No. No. No. HR(95% CI)  Weight, %
Total mortality
Cardiovascular Health Study' 1525 2526 26 43 S S 1.04 {0.70-1.53) 9.8
Health, Aging and Body Composition Study= 611 2169 14 43 e 1.25(0.73-2.12) 6.6
Birmingham Study® 440 1015 29 60 —- 1.39(0.95-2.02) 10.2
EPIC-Norfolk Study® 1925 11981 62 360 — - 1.05 (0.82-1.36) 14.6
HUNT Study® 2170 23910 a7 381 — e 1.52 (1.16-1.97) 14.2
Leiden 85-Plus Study” 402 450 20 20 — 1.49(0.95-2.32) 84
Pisa cohort® 247 2695 21 208 — 1.12(0.71-1.74) 8.3
SHIP® 276 2949 143 934 —— 0.99 (0.81-1.21) 16.7
Busselton Health Study® 478 1901 11 49 e 1.03 {0.57-1.88) 5.6
Brazilian Thyroid Study*° 55 890 15 90 —_— 2.73 (1.53-4.88) 5.8
Total (1?=49%) 8129 50486 398 2188 ‘ 1.24 (1.06-1.46) 100.0
02 05 10 20 5.0
Incident atrial fibrillation
Cardiovascular Health Study™ 662 2477 19 42 —.— 1.84 (1.17-2.91) 65.4
Health, Aging and Body Composition Study® 17 1797 0 36 1.85 (0.10-34.03) 1.6
Leiden 85-Plus Study” 39 405 0 15 0.34 (0.02-5.69) 1.7
SHIP® 20 2199 14 692 | 1.38 (0.69-2.78) 28.0
Busselton Health Study? 13 1023 1 25 2.85(0.37-21.9) 3.3
Total (1=0%) 751 7901 34 810 EE 1.68(1.16-2.43)  100.0
02 05 10 20 5.0

Collet et al., Arch Int Med, 2012



Management of hyperthyroidism in CKD

» High risk of progression of CKD & (very) high CV risk
—> Low threshold for treatment: TSH < 0,4 mU/L (persistent)

« Caution needed with specific treatments?
Thionamides:
— No dose reduction needed (take pill after dialysis)

— Very rare: PTU-induced glomerulonephritis (ANCA- associated renal

vasculitis)
1131:

— No dose reduction needed

— HD: administer 1131 soon after dialysis (lower iodine levels), wait at
least 10h for next dialysis (allow maximal thyroidal 1131 uptake)

Perchlorate (amiodarone-induced thyrotoxicosis):
— EXxcretion via kidney = dose reduction (probably) needed




Hypothyroidism & CKD

Prevalence: Increased or a-typical NTI?

Role for | excess? (prolonged Wolff-Chaikoff effect?)

No evidence for 1 of autoimmune thyroid disease in CKD

The physiological benefits of a hypothyroid state in CKD (| GFR, | protein
loss, | free radical generation) & the risk of CKD progression with
hyperthyroidism favour a conservative approach in the management of
hypothyroidism?



TH replacement therapy in CKD:
attenuation of decline of renal function

TSH (ulu/mL)

eGFR (mL/min/1.73m?)

Shin et al., Thyroid, 2013
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Association mild hypothyroidism & CV risk

CHD Events?

Cardicvascular Health Study,® 2006

Health, Aging, and Body Composition Study,” 2005
EPIC-Morfalk Study, 2 2010

Leiden 85-plus Study,®™ 2004

Plza cohort, B 2007

Whickham Survey,'™'9 1886, 2010

Busselton Health Study,® 2005

Total (2 =59%)

CHD Events by
TSH Level, miL/L

0.5-4.49
4.5-6.9
7099

) 10-19.0

Rodondi et al, JAMA, 2010

Subclinical
Hypothyroidism Euthyroidism
| Mo, of Mo. of Mo. of Mo, of HR
Events Participants Events Participants 85% CI)
180 482 a55 2511 1.00 (0.85-1.47)
B2 335 493 2325 0.89 (0.88-1.16)
103 720 1575 11897 1.08 (0.89-1.33)
7 as ] 449 1.28 (0.59-2.80)
20 228 148 2847 1.72 (1.07-2.74)
27 121 438 2239 1.32 (0.89-1.96)
31 24 355 1889 1.78 (1.22-2.58)
430 2020 4040 23857 1.18 (0.99-1.42)
HR Ratio
Mo. of Events Mo. of Participants (25% CI)
4040 23957 1 [Reference]
284 1344 1.00 (0.86-1.18)
a5 444 147 (0.96-1.43)
70 235 1.89 (1.28-2.80)
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[ Hypothyroidism and mortality among hemodialysis patients

A
i Euthyroid
— — — Hypothyroid
8-
= .0
=
e ~
@ 4 - RS _—
' HR 1.27 (95% CI 1.06-1.52), p=0.009
2
0 -
0 500 1000 1500 2000
At-risk time (days)
:yop::t:;f:';m 350 190 107 37 5
Euthyrosd 2365 1384 686 255 19

Rhee et al., Clin J Am Soc Nephrol, 2013



Hypothyroidism: under-recognized CV risk factor in CKD?

TRADITIONAL Systolic dysfunction
PATHWAYS
(MORE ESTABLISHED) Diastolic dysfunction

Hypertension

Dyslipidemia
Accelerated atherosclerosis ]\ ' \

Ventricular dysrhythmias ]\

CV MORBIDITY & MORTALITY
HEART FAILURE

HYPOTHYROIDISM

NO:?:)?.:\-ILI.S:)H\!*?FPI CORONARY HEART DISEASE
SUDDEN CARDIAC DEATH
\’[ Vascular calcification ]/ /
Anemia, ESA resistance
Platelet activation
NON-TRADITIONAL
PATHWAYS Altered coagulation
(EMERGING DATA)

'[ Impaired kidney function }

Inflammation

Rhee et al., Nephrol Dial Transplant, 2015

Need for RCTs to study the effect of T4 supplementation in CKD on hard
(clinical) endpoints



Management of hypothyroidism in CKD ]

TSH: ‘best’ marker for diagnosis but | renal clearance, decreased bioactivity,
..., S0 upper level of normal TSH should probably be higher than in the general
population?

Possible risk of progression of CKD & possible increase of CV risk
—> threshold for treatment??
?TSH >10 mU/L (persistent)? (cfeTa guidelines SC HYPO for patients at high CV risk)
?TSH >20 mU/L or >10 mU/L if low fT47? (cf Kaptein et al., JCEM, 2014)
Cave overtreatment!; aim at TSH: 5-10 mU/L? (kaptein et al., JCEM, 2014)

Patient with known hypothyroidism and important protein loss (nephrotic
syndrome, PD): increased LT4 need, inverse correlation with serum albumin



1. Direct and indirect (cardiovascular) bidirectional interactions between
thyroid and kidney in health and disease

AN /'

&

2. Accurate thyroid functional assessment in CKD = biochemical challenge
3. CKD is asssociated with ‘low thyroid hormone’ status

— Low T3

— High TSH

— Grey zone between a-typical NTI and subclinical hypothyroidism
3. Hyperthyroidism & CKD: low treshold for treatment; TSH <0,4 mU/L

4. Hypothyroidism & CKD: reasonably treat if TSH >10 mU/L (>20?) and
avoid over-treatment in this vulnerable population at (very) high CV risk /

i
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